Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

12-14-2018

Investigation of a Low-External-Input Sustainable Rice Production
System to Identify Ecosystem Services towards Adoption Costs
and Benefits
Alexandra Gwin Firth

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Firth, Alexandra Gwin, "Investigation of a Low-External-Input Sustainable Rice Production System to
Identify Ecosystem Services towards Adoption Costs and Benefits" (2018). Theses and Dissertations.
2830.
https://scholarsjunction.msstate.edu/td/2830

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v3.0 (beta): Created by J. Nail 06/2015

Investigation of a low-external-input sustainable rice production system to identify
ecosystem services towards adoption costs and benefits

By
TITLE PAGE
Alexandra Gwin Firth

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Wildlife, Fisheries and Aquaculture
in the Department of Wildlife, Fisheries and Aquaculture
Mississippi State, Mississippi
December 2018

Copyright by
COPYRIGHT PAGE
Alexandra Gwin Firth
2018

Investigation of a low-external-input sustainable rice production system to identify
ecosystem services towards adoption costs and benefits
By
APPROVAL PAGE
Alexandra Gwin Firth
Approved:
____________________________________
Beth Baker
(Major Professor)
____________________________________
John P. Brooks
(Committee Member)
____________________________________
Raymond Bruce Iglay
(Committee Member)
____________________________________
J. Brian Davis
(Committee Member)
____________________________________
Kevin M. Hunt
(Graduate Coordinator)
____________________________________
George M. Hopper
Dean
College of Forest Resources

Name: Alexandra Gwin Firth
ABSTRACT
Date of Degree: December 14, 2018
Institution: Mississippi State University
Major Field: Wildlife, Fisheries and Aquaculture
Major Professor: Beth H. Baker
Title of Study: Investigation of a low-external-input sustainable rice production system
to identify ecosystem services towards adoption costs and benefits
Pages in Study: 65
Candidate for Degree of Master of Science
This study investigated a potentially sustainable rice production system in the Mississippi
Alluvial Valley (MAV) that uses ecological principles to enhance environmental quality
at the field scale. It was hypothesized annual flooding of rice fields to create waterbird
habitat would benefit soil health, providing agronomic benefits to the farmer. Two sites
were selected: a low-external-input-sustainable-agriculture (LEISA) system with flooded
(LF) and non-flooded (LN) fields and a conventional site with flooded (CF) and nonflooded (CN) fields. Soil microbial diversity and nutrient content were quantified and
compared. Camera traps were used to document bird activity for estimates of fecal matter
input. Soil health variables linked LF high bird activity with soil health and pathogen
detection. Evidence from the investigation provided a framework for other producers
within the MAV to adopt similar management methods, ultimately improving the overall
integrity of soil, water, and environmental quality.
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CHAPTER I
INTRODUCTION
With the human population expected to increase 60-110% by 2050, water and
food security are paramount (Tilman et al., 2011). A major limiting factor for future food
production will be the availability of fresh water. Current agricultural practices that rely
on external-inputs (e.g. herbicides, pesticides, and fertilizers) to drive yields reduce water
quality and exhaust soils, resulting in a significant loss of soil organic matter (Gordon et
al., 2010). Thus, the adoption of sustainable farming practices emphasizing ecologically
mindful water use and optimization of the surrounding renewable natural resources while
maintaining habitat integrity is essential.
Covering roughly 40% of the earth’s terrestrial landscape, the intensity of
agricultural production has vastly altered the structure and functioning of natural
resources (Gordon et al., 2010). Of greatest concern is the substantial changes seen in the
global hydrological cycle in terms of both water quality and quantity (Falkenmark and
Lannerstad, 2005). Agriculture is the greatest contributor to overall consumptive water
use with deleterious effects seen in river depletion and groundwater over draft. Irrigation
comprises 66% of all water withdrawal, causing extensive transformations to river flow
patterns, downstream coastal ecosystems, and wetlands (Falkenmark and Lannerstad,
2005). Land cover changes in the form of clearing native vegetation for cropland
decreases the rate of water infiltration into soil, reducing groundwater storage and
1

increasing water discharge (Nugroho et al., 2013). High rates of fertilizer and pesticide
application on agriculture landscapes are the primary non-point pollution source for
surface waters (Carpenter et al., 1998). Increased nutrient loading into water bodies from
cropland surface runoff has caused widespread eutrophication and the occurrence of
hypoxic zones.
The United States as a whole has lost one-third of its topsoil, with an average loss
rate of 1-18 ha-1 year-1 (Pimentel et al., 1989). Sediment and water runoff from agriculture
sites are the greatest contributors to soil erosion in the United States. Eroded soils reduce
water availability, lack nutrients and organic matter, and restrict plant rooting depth;’ all
of which are vital for crop productivity (Pimentel et al., 1989). When topsoil is lost
because of degradation, crop yields can decrease 20 to 65% when compared to noneroded soils (Parr et al., 1994). Additionally, the contribution of chemical fertilizers and
management techniques to combat degradation interferes with the role soil microbial
communities play in plant production. The complex microorganism communities that
reside in healthy soils decompose organic wastes, recycle plant nutrients and protect
plants from pests and disease (Parr et al., 1994).
The conceptualization of low-external-input-sustainable agriculture (LEISA) in
the 1980’s emphasized three core principles: 1) adapting and designing the agriculture
system to fit the environment of the region, 2) optimizing use of biological and
chemical/physical resources within the agroecosystem, and 3) developing strategies that
minimize changes to the natural environment and energy used manipulating the
environment (Pimentel et al., 1989). While these principles have proven successful in
isolated instances (mostly on small organic farms), the concept in conventional
2

agriculture has not been widely adopted. Often, failure to commit to sustainable practices
is attributed to a lack of technology that can maintain high yields on a large scale and an
incompatibility of methods to field application (Rodriguez, 2005). It is therefore critical
to identify large-scale producers that have successfully reduced their environmental
impact, ensured their long-term viability, and maintained their economic profitability to
construct a framework for fostering technologies and information to support adoption
throughout the agriculture community.
Large grain commodities (i.e. rice, wheat, and maize) contribute substantially to
food security but are rarely farmed sustainably. Of these, rice is the staple food for more
than half of the world’s population, with a total harvested area of approximately 158
million hectares globally and 1.3 million hectares under production in the United States
(Baldwin et al., 2001). In the Mississippi Alluvial Valley (MAV), over 800,000 ha of rice
were planted in 2015 in Arkansas, Louisiana, Mississippi and Missouri (USDA NASS,
2015). Conventional rice farming is a sustainability concern in the MAV because of its
long history of greenhouse gas emissions, high water consumption and poor nitrogen
fertilizer use efficiency (Cassman, 1999). A long history of high nitrate losses from the
landscape into the river basin has led to severe pollution of the coastal zone in the Gulf of
Mexico (Hefting et al., 2013).
The identification of a rice farmer who successfully and profitably implements a
LEISA style of agricultural practices, located in the Mississippi Delta, provides an
opportunity to examine the reciprocal relationship between agriculture and environmental
inputs at the field scale. Methods identified for surface water reuse and habitat creation
on a large scale make the farm an important study site for management transferability and
3

the potential to scale up such management practices. This project takes a systems
approach, as defined by the U.S. Department of Agriculture Sustainable Agriculture
Research and Education (SARE) program, that evaluates the performance of the farm
based on the agronomical and ecological costs and benefits to assess the potential of the
farm to become a sustainable rice model in the MAV. Furthermore, an agroecosystem
models a simplified ecological system that allows natural processes to take place, but in a
species limited, goal-oriented environment. Because the intensity of agriculture
development is vast, it provides many opportunities to answer ecological questions over a
landscape that is predicted to govern the future of the natural environment. Investigating
interactions that explicitly focus on food web and trophic dynamics streamline
knowledge to almost every subdivision of ecology and agronomy with applications in
both crop productivity and ecosystem functioning.
To further understand the ecology of an important agroecosystem, this project
investigated the interaction of soil, water, and wildlife use at an innovative rice
production farm in the Mississippi Delta. The farm is situated in the Mississippi Flyway,
an area of historic significance to migratory birds (Bellrose and Kortright, 1976) . For
decades, rice producers and other land stewards have shallowly-flooded post-harvested
rice fields and other habitats to attract wintering waterfowl and other waterbirds. When
birds use the fields the farm becomes integrated with seasonal ecological changes. Thus,
the provision of shallowly-flooded habitats creates a symbiotic exchange, where birds
exploit the habitat but simultaneously positively impacts future economic profitability of
the farm. Specifically, birds help decompose residual rice straw, and help local soils to
4

accept, store, and recycle water, nutrients, and energy (Gregorich et al. 1994, Manley
1999).
Waterfowl and other guilds of birds use the rice fields and exploit waste rice and
weed seeds, and aquatic invertebrates (Bird et al. 2000; Marty 2017). The birds help
decompose standing rice straw and incorporate it into the soil through their foraging and
walking-swimming behaviors (Manley, 1999). Nutrients and bacterial production and
diversity have also been shown to increase in water when waterfowl are present
(Dessborn et al., 2016). Therefore, it’s hypothesized that the birds defecate in the water,
depositing nutrients into the soil and contributing to microbial diversity and soil health.
The microbes in turn utilize the incorporated rice straw as habitat surface structure and
assist with nutrient cycling, enhancing soil fertility. However, soil microbial amendments
by free living waterbirds can contain pathogens that are potentially detrimental to humans
and other wildlife (Chrząstek et al., 2012; Fallacara et al., 2001; Hubálek and Hubá,
2004; Hussong et al., 1979; Waldenström et al., 2002). These processes could be a hazard
of the proposed LEISA system, but research is needed to understand these dynamics.
My objectives are to determine the impact of agronomic practices on soil health in
rice production systems and determine the potential drawbacks of a low-external-input
rice cultivation system. The investigation of this rice production system is expected to
provide scientific support of agroecology and low-external-input management principles,
achieving proof of concept at the field scale, and to provide valuable data that identifies
the relationships between biodiversity and soil health.
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CHAPTER II
INFLUENCE OF FARMING APPROACH AND BIRD USE ON SOIL HEALTH IN
RICE PRODUCTION SYSTEMS: CONVENTIONAL VS. LOW-EXTERNAL-INPUTSUSTAINABLE-AGRICULTURE
Introduction
Soil health can be described as the sustained capability of soil to accept, store, and
recycle water, nutrients, and energy (Gregorich et al., 1994). Maintaining productive soils
in agriculture is essential for the future of water and food security. However, agricultural
soils are highly susceptible to degradation from water erosion, chemical degradation
(including nutrient depletion and loss of organic matter, salinization, acidification, and
chemical pollution), and deterioration of physical properties, most of which result from
management practices (Cassman, 1999). To combat these detrimental effects, farming
practices focusing on building and sustaining healthy soils concomitant to achieving crop
output should be investigated and subsequently implemented when applicable.
Highly functional soils in agriculture provide a rooting zone for plants supply the
nutrient balance for vegetation, and retain, store, and release moisture for plant use
(Schoenholtz et al. 2000). However, several confounding factors are associated with soil
dynamics that may influence its ability to perform these functions. For example, soil
organic matter (SOM) is critical for nutrient release and availability (Henderson et al.,
1990; Johnson, 1983; Nambiar, 1996). High levels of SOM are associated with water
8

retention, cation exchange capacity (CEC), rooting depth, and soil productivity
(Schoenholtz et al. 2000). The SOM also influences soil porosity and consequently
aggregate stability, which determines overall soil structure (Schoenholtz e. al. 2000).
Stable aggregates reduce detrimental effects of exposure to water, wind, and chemical
stressors such as soil erosion and nutrient loss (Schoenholtz et al. 2000).
Bacteria and archaea also influence soil nutrient availability (Singh et al., 2011).
Bacteria and archaea contain most of the total nitrogen (N) and phosphorous (P) on earth
and up to half of the carbon stored in living organisms (Allison and Martiny, 2008).
Beneficial microorganisms are known to fix atmospheric N, breakdown organic waste
and residues, detoxify pesticides, suppress plant disease and soil-borne pathogens,
enhance nutrient cycling, and produce bioactive compounds such as vitamins, hormones,
and enzymes that stimulate plant growth (Ferris and Tuomisto, 2015; Singh et al., 2011;
Sylvia et al., 2005). Fungi in particular are extremely effective at stabilizing soil
aggregates, which is imperative for the integrity of soil structure (Metzger et al., 1987).
Microbial diversity, the relative abundance and species richness of fungal and bacterial
species, affects nutrient cycling and consequently soil quality and plant growth
(Nannipieri et al., 2003). Therefore, sustainable agriculture could benefit from a better
understanding of microbial diversity effects on soil health, and how these relationships
could reduce the need for chemical fertilizers in large-scale agriculture.
Rice is typically grown under flooded conditions on land that is relatively flat, and
following harvest (i.e., the fallow season) fields may remain unflooded or intentionally
shallowly-flooded for a variety of reasons. In conventional rice farming systems, rice
stubble is often burned to eliminate interference with spring field operations and prevent
9

N immobilization (Linquist et al. 2006). Nitrogen is a key nutrient for rice farming
systems, accounting for 67% of total fertilizer applications worldwide (Eagle et. al.
2001). While burning is sometimes considered necessary for eradication of soil borne
pests and pathogens, burning also reduces SOM and can produce up to 80% loss of soil N
(Mandal et al., 2004). Alternative rice stubble removal methods include baling the straw,
or incorporating stubble into the soil, followed by leaving the land fallow during winter.
Farmers are also challenged with minimizing water runoff from fallow land by reducing
N availability in their fields and increasing nitrogen in nearby water systems, effectively
polluting freshwater sources (Prince Czarnecki et al. 2014).
Despite documented soil degradation concerns regarding conventional rice
production, fallow season flooded rice fields serve as an important surrogate wetland
habitat worldwide (Elphick and Oring, 2003). In addition to their importance in supplying
nutrients to humans worldwide, rice fields provide food and other critical resources for
birds and other wildlife. In California, for example, post-harvested rice fields harbored at
least 118 different species of birds with waste rice in fields representing approximately
44% of the total calories available to wintering waterfowl (Petrie et al. 2014). Flooding
rice fields also provides a potential agronomic benefit. The wet conditions, which
expedite straw decomposition and increase the amount of available N to plants during
spring planting and the subsequent growing season, suggest the involvement of an active
microbial community (Eagle et al., 2001).
The Greater White-fronted Goose (Anser albifrons), Lesser Snow Goose (Chen
caerulescens caerulescens), Ross’s Goose (Chen rossii), and to a lesser degree, the
Canada Goose (Branta canadensis), are four of the most common waterfowl species from
10

the family Anatidae that use ricefields (Manley 2008). Nutrients and bacterial production
and diversity will increase in nutrient poor wetlands when members of family Anatidae
are present (Dessborn et al.2016). Likewise, several studies have shown an increase in
microbial biomass from soils amended with organic manures (Dinesh et. al. 1998; Øvreås
& Torsvik, 1998; Pratt & Tewolde, 2009). Enzyme activity, the mechanism by which
most microorganisms function to benefit soil functions, can vary with the type of manure
incorporated (Acosta-Martínez and Waldrip, 2014). Nevertheless, there still remains a
positive relationship between enzyme activity and organic carbon (C) and N linking
animal manures to microbial activity and an increase in C turnover and N availability
(Dinesh et al., 1998). Increasing microbial activity with organic manures decreases the
need for inorganic fertilizers, which can be costly to the farmer and pollute freshwater
and marine systems.
Despite growing concern over the rapid depletion of healthy soils and soil’s
inherent link with food security, no research has been done on the possible soil health
benefits that flooding rice fields for wildlife use could have in rice production systems.
The objective of this study was to determine the effects of low-external-inputsustainable-agriculture (LEISA) farming practices on soil health compared to
conventional systems. Reijntjes et al. (1992) defined LEISA as “agriculture which makes
optimal use of locally available natural and human resources…which is economically
feasible, ecologically sound, culturally adapted and socially just.” In this study, a
conventional rice farm is defined as one that applies chemical fertilizers as the primary
source of nutrients to plants, leaves rice fields fallow and dry during non-growing season
and utilizes post-harvest field management.
11

To determine the effects of LEISA management, which utilizes winter field
flooding as a strategy to reduce external fertilizer inputs by attracting waterfowl to fallow
rice fields in the MAV, it was hypothesized that: (1) rice fields flooded during the winter
and used by birds will display greater concentrations of nutrients, SOM and CEC, and (2)
rice fields flooded during the non-growing season and used by birds will display greater
microbial diversity and activity than those without birds. The alternative hypothesis was
there would be no differences or lowered soil health between fields used by birds and
those without.
Materials and Methods
Study Area
Study areas were subjected to two different types of agronomic management,
conventional rice production and LEISA management. To eliminate sources of weather
and soil variation, the LEISA (n = 1) and conventional (n = 1) farms were 10 miles apart
in Tallahatchie and Leflore County, respectively. Soil profile differences of the sites were
negligible (Table 2.1). The LEISA system uses slotted board riser pipes to control field
flooding that occurs through precipitation during the non-growing season, creating a
wetland-like environment. Overwintering waterbirds use these fields to rest and forage.
The conventional system represented a typical continuous rice system of the region,
which includes rolling post-harvest rice stubble into soil and leaving fields fallow during
the non-growing season (i.e., winter). Both farms used tail-water recovery systems (i.e.
irrigation and storm water runoff recycling) for water conservation. Unlike most
conventional systems in the region, experimental field flooding occurred on both farms
from fall 2017-spring 2018.
12

Flooding treatment was assigned according to landowner preference and
categorized as LEISA Flooded (LF), LEISA Non-flooded (LN), Conventional Flooded
(CF), or Conventional Non-flooded (CN). Ten fields from each category were selected
for study, each ranging approximately 10-40.5 hectares (24-100 acres), with the
exception of one LN field of 52 ha. Non-flooded fields under LEISA management were a
consequence of field elevation, compared to other fields that were zero grade. Given
these circumstances, 4 LN fields were available for this study.
Soil Sampling
Soil sampling was conducted post-harvest in November 2017 and just prior to
planting in March 2018. Within each field, one sample was taken for every 4.05 ha (10
acres). To eliminate location sampling bias, soil grids were laid over field maps. Grid
coordinates were generated using stratified random sampling methods. GPS coordinates
were extracted from the grid coordinates as sampling locations for each field. Individual
samples were assumed to represent the micro-ecosystem of the area, and when
aggregated, provide representation of field scale conditions (Patil et al. 2013).
Triplicate soil cores (3.8-4 cm diameter x 10 cm depth) were collected at each
GPS location within 10 cm of each other and placed within a sterile plastic bag. Soil core
samplers were sterilized with a 90% ethanol prior to sampling at each location. Soil
samples were stored on ice (~ 4o C) and then transported back to the Mississippi State
University Water Quality Laboratory. Cores taken from each sample location within each
field were combined into a composite sample from which two subsamples were used, one
each for soil quality analysis and microbial analysis.
13

Soil Testing
Chemical and Physical Properties
One sub-composite sample was transferred to a 473 ml (1 pint) container and sent
to Mississippi State University’s Soil Testing Laboratory for analysis of pH, Phosphorus
(P), potassium (K), Calcium (Ca), Magnesium (Mg), Sulfur (S), Sodium (Na), Cation
Exchange Capacity (CEC), and percent organic matter (OM%). All testing followed
Mississippi State University Extension Service Soil Testing Laboratory guidelines. One
gram of dried and crushed soil was sent to the United States Department of Agriculture to
test for total percent nitrogen and carbon.
Microbial Properties
Gravimetric moisture content was calculated by drying soils at 105 °C for 24h,
and then used to calculate the total solid content of soil relative to water content. Soil
preparations and heterotrophic plate counts followed methods modified from Zerzghi et
al. (2009). Heterotrophic plate counts (HPCs) bacteria was determined from soil samples
using 10-fold serial dilutions of 0.85% saline (EMD Chemicals Inc. Gibbstown, NJ)
followed by plating on ½ R2A media (1/2 concentration R2A) (Difco Co., Sparks, MD)
and incubation at 30 °C for 14 days to assess aerobic HPCs. A second set of ½ R2A
plates was incubated anaerobically, using an Anoxomat anaerobic jar system with the
default anaerobic gas setting to assess anaerobic/facultative anaerobic HPCs. This was to
account for the anaerobic conditions created over flooded soils. Cultural heterotrophic
counts for fungi were made using a spread plate technique on Sabouraud Dextrose Agar
from 10-fold serial dilutions and then incubated at room temperature for 5 days. Cultural
Gram-negative bacterial counts were made using a spread plate technique on MacConkey
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agar from 10-fold serial dilutions and then incubated at 35 °C for 24 hr. Cultural Grampositive bacterial counts were made using a spread plate technique on Mannitol salt agar
from 10-fold serial dilutions and then incubated at 35 °C for 48 h. All counts were
reported as colony forming units per g (CFU g-1).
Dehydrogenase activity was determined using a procedure modified from Chu et
al. (2007) to indirectly measure soil microbial activity, or the microbial oxidoreduction
process and oxidation of organic substance (Maier et al. 2009) . Two grams of sieved
field-moist soil was mixed with 0.05 ml of 10% glucose and pre-incubated at 30°C for
24h. Following pre-incubation, samples were mixed with 0.02g of CaCO to adjust for
acidic soil. A 1% triphenyltetrazolium chloride (TTC) with 10% glucose solution was
mixed with soil in sealed test tubes. The tubes were incubated at 35 °C for 34 h followed
by methanol extraction and quantification of water-insoluble red dye triphenylformazan
(TPF) using a Bioteck Synergy HTX multi-mode reader at 485 nm. (Zerzghi et. al.,
2009). A TPF standard curve, ranged from 0.05 to 0.50 was prepared to quantify samples
and reported as µg TPF g-1.
Fecal Matter Estimates
Bird Surveys
Trial bird survey methods were conducted in December 2016. Bi-weekly point
counts of all birds within fields were made on foot, counting and identifying all species
observed within the boundary of the field, including birds standing on field banks and
field edges. However, observer presence substantially biased data among other obstacles
associated with the initial sampling effort. For example, because of the close proximity of
one field to the next, disturbed birds often flew to the next closest field resulting in
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recounting individuals at each field instead of accurately estimating bird use. Therefore,
no-glow infrared camera traps (Stealth Cam G42NG) were placed in fields in order to
eliminate problems associated with surveyor influence over bird presence.
Cameras were placed at the midway point of the southern-most side of each field,
15 m in from the field edge, mounted to T-posts 91 cm above ground level and secured
with plastic coated wire at a 90° angle facing north. One camera was placed in fields 20
ha or less in size. Fields > 20 ha received two cameras with the second camera placed at
the northern-most side of the field, 15 m in from field edge and facing south. One LN
field was > 40 ha and received three cameras, one at the southern-most edge, the
northwest corner facing southeast, and the northeast corner facing southwest. A marker
was placed 30.4 m directly in front of each camera as a distance reference point.
Cameras were programmed to capture one picture hourly during the non-growing
season (November 3, 2017 through March 15, 2018). Data cards were retrieved and
replaced once every month. Three cameras were stolen from three CN fields and two CF
cameras fell over in January 2018. Additionally, two LF cameras stopped recording
pictures because of technological glitches in December 2017, resulting in a period of
missing data. Because of this, pictures from these fields were only available for a partial
season.
Images from camera traps were downloaded and opened in GNU Image
Manipulation Program (GIMP) to quantify birds in fields (Mattis and Kimball, 2018) .
An image layer was created that clearly defined the 242.316m² area directly in front of
the camera lens based on the reference point and standardized camera placement. The
layer was overlaid on each photo taken, and birds in the defined area were counted and
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binned into categories: goose, duck or other. Birds that fell into the duck or goose
category were recorded for each hour in each field over the season. Method and
individual counter bias were accounted for by repeat counts of a subset of available
pictures by two separate individuals and then comparing results to the original count.
Counts did not differ significantly by observer.
Five steps were performed on resulting bird counts: 1) total geese and ducks in
the defined area (242.361 m²) were averaged for every day (24 hour period) pictures were
available, 2) the average geese/ducks per day in 1 m²/field was calculated, 3) average
geese/ducks per day in 1 m²/field was converted to geese/ducks/day per ha, 4) fields with
multiple cameras were averaged at the geese/duck/day/ha level, and 5) field averages of
geese/ducks/day/ha were averaged over the season based on the number of active camera
days. Calculated data from the fifth calculation were used for statistical analysis. Data for
active bird days and seasonal averages per field are provided in Table 2.2.
Fecal Estimates
Total fecal inputs to fields were based on dry weights of bird droppings per day.
For simplicity of calculation, weights were taken from past research regarding dropping
estimates of Canada goose (Branta canadensis ; Terres 1980) and mallards (Anas
platyrhynchos ; Sanderson and Anderson 1978). These species represent a large portion
of the bird population on rice fields and were assumed to provide an average dropping
rate of their respective categories (Fleming et al., 2001; Manley, 2008; Sanderson and
Anderson, 1978; Terres and National Audubon Society., 1980; Zhang and Lu, 1999).
Average daily geese and duck densities were multiplied by 81.6 g (geese; Terres 1980) or
27.0 g (ducks; Sanderson and Anderson 1978) to get average total dry grams of fecal
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input to field per day per ha by geese or ducks over the non-growing season, respectively.
Geese and duck fecal input per day per ha over the non-growing season were added
together for final estimates of fecal matter input to fields (Table 2.2).
Statistical Analysis
Prior to analysis, soil parameters were checked for general multivariate
frequentist test assumptions including but not limited to homogeneity of variance,
multivariate normality, and outliers. Parameters that met normality assumptions were
tested for differences in treatment groups with analysis of covariance (ANCOVA) using
type III sums of squares in program R (R Core Development Team, 2016). Separate
individual models were developed for soil nutrients, and microbial diversity and activity
to investigate the effect of predictor variables of bird use (continuous) and treatment
group (categorical) on response variables. The fall 2017 measurement was used as a
covariate (continuous) to account for initial differences between fields. Model fit was
assessed using adjusted R², Akaike information criterion (AIC), Cook’s D outlier
detection, and distribution of residuals. With the exception of data for anaerobic
heterotrophic plate counts (HPC), all microbial CFU results were log transformed.
Anaerobic HPC met the assumptions of model building better under its original form.
Tukey’s post-hoc test was performed on final model for multiple comparisons of means.
Variables that violated normality and/or homogeneity of variance assumptions
were analyzed with the nonparametric rank-based ANCOVA equivalent using packages
‘Rfit” and ‘npsm’ in program R (McKean and Kloke, 2014). Model fit was assessed by
robust R² values. Data were simultaneously run with parametric statistics. If both tests
returned the same results, the more robust parametric results were used for interpretation
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and reported in results. If results differed, nonparametric models were reported and
subjected to post-hoc Jonckheere-Terpstra distribution free ordered alternatives test to
examine hypothesis that at least one strict inequality existed. Additionally, Tukey-Kramer
pairwise comparisons were performed post-hoc on the nonparametric one-way design,
excluding fall measurement covariate and fecal matter predictor.
Nonmetric multidimensional scaling (NMDS) was performed on all measured soil
parameters and fecal matter estimates using Bray distances, three dimensions and a
maximum of 100 random starts in R package “vegan.” Treatment groups (LF, LN, CF,
CN) were used as categorical variables to delimit 95% confidence ellipse plots. Vectors
on plots represent correlations between NMDS axes and soil variables. Bray dissimilarity
distances (999 permutations) were used in an Analysis of Distance Matrices (ADONIS)
as a robust equivalent to a multivariate analysis of variance (MANOVA) with treatment
group serving as a predictor.

Results
Soil Health Indicators
Models of K (Robust R²=0.14, p=0.45), S (Adjusted R²=0.16, p=0.07), aerobic
diversity (Robust R²=0.25, p=0.13), gram-negative CFU’s (Robust R²=-0.12, p=0.91),
and fungi CFU (Adjusted R²=-0.09, p=0.81) confirmed the null hypothesis of no
differences between treatment groups (Table 2.4). Models of the following soil
parameters all showed significant differences (p<0.05) between groups: microbial activity
(Robust R²=0.29, p=0.07), gram-positive bacteria (Robust R²=0.52, p<0.001), anaerobic
bacteria (Adjusted R²=0.49, p=0.0001) , fecal matter inputs (Robust R²=0.04, p=0.001),
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Ca (Adjusted R²=0.50, p=0.0001), Na (Adjusted R²=0.26, p=0.01), P (Adjusted R²=0.34,
p=0.004), percent total nitrogen (%TN) (Robust R²=0.58, p=0.05), percent carbon (%C)
(Adjusted R²=0.38, p=0.001), %OM (Adjusted R²=0.25, p=0.02), pH (Adjusted R²=0.50,
p=0.0001), and solid content (Adjusted R²=0.60, p=0.001; Table 2.4). Model results of
CEC (Adjusted R²=0.13, p=0.10) showed significance between groups, which was
confirmed with post-hoc analysis (Table 2.4, Table 2.5). Models built with response
variables P and microbial activity used the fall measurement as a significant covariate
when predicting outcomes. No final models found fecal matter input as a significant
predictor.
Treatment Comparisons
Post-hoc pairwise comparisons showed LEISA flooded fields had more bird fecal
matter input than the conventional fields and its non-flooded counterpart (p<0.05; Table
2.5). Microbial activity did not differ within farms (p>0.05), however LF and LN both
had higher activity than CF and CN (p<0.05) (Table 2.4). No differences were observed
between treatment groups with regards to aerobic diversity (p>0.05). Anaerobic diversity,
however, showed LF with greater CFU counts than CF and CN (p<0.05) (Tables 2.4,
2.5). LN was also greater than CN (p<0.05), but showed no significant difference when
compared to CF in anaerobic diversity (p>0.05). No significant difference was found
between LF and LN (p>0.05). Conventional flooded fields were higher in anaerobic
diversity than CN (p<0.05). LF had greater gram-positive bacteria than the other
treatment groups (p<0.05). Gram-negative bacteria and fungi showed no significant
differences between treatments (p>0.05) (Table 2.2, 2.5, Figure 2.2).
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LEISA flooded fields showed higher percent total nitrogen (%TN) than CF and
CN (p<0.05) (Tables 2.4, 2.5). No significant difference was found between all other
treatment comparisons for N content (p>0.05) (Table 2.5, Figure 2.3). Likewise, LF was
greater in percent carbon (%C) (p<0.10) and P (p<0.05) than CF and CN (Table 2.4, 2.5
Figure 2.2). LN showed the lowest levels of CEC (p<0.05), Mg (p<0.05), Na (p<0.10)
and Ca (p<0.05) compared to the conventional treatment, but not statistically different
from LF. Conventional non-flooded fields had a higher pH than LF (p<0.05), with all
other comparisons showing no significant differences (p>0.05) (Table 2.4, 2.5, Figure
2.5).
Nonmetric Multi-Dimensional Scaling (NMDS)
NMDS ordination plots of soil health indicators showed minimal overlap of
polygons representing the field treatment types (Figure 2.1), with the greatest separation
found between farm type (stress= 0.105). Furthermore, multivariate ADONIS test of soil
health indicators as a response variable showed significant differences between treatment
fields (Psuedo F= 9.7388, R²= 0.49, p=0.001).
Discussion
This study aimed to investigate the agronomic and environmental benefits of a
potential low-external-input-sustainable agriculture (LEISA) rice system that uses the
Mississippi Migratory Bird Flyway to capitalize on soil health, while concurrently
providing habitat for wildlife. Results of the 2017-2018 study in the Mississippi Delta
yielded data supporting: (1) the impact of wintering migratory birds’ fecal matter inputs
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on the microbial activity and diversity in rice soils, and (2) the nutrient and structural
additions migratory birds provide to rice soils
Impact of Migratory Bird feces on Soil Microbial Diversity and Activity
Birds
Winter flooded rice fields have been repeatedly documented as an excellent
alternative to wetland habitat for waterbird species (Author et al., 2002; Brouder and Hill,
1995; Elphick and Oring, 2003; Manley, 2008; Miller, 1987; Miller et al., 1989). In the
current study, experimentally flooded fields further supported this finding with
approximately 2.8 times more fecal inputs LF fields than in the LN fields. First-year
flooded fields from the conventional farm (CF) amassed 2.5 times more fecal matter than
their non-flooded counterpart (CN; Table 2.2, 2.3, 2.4, 2.5). Additionally, LF fields had
statistically greater fecal matter inputs than the conventional fields. This could be
attributed to the 10-year period that the LEISA production site has been under winterflooding management, appealing to the philopatry nature of migratory waterbirds
(Robertson and Cooke, 1999). Furthermore, previous studies have shown that birds prefer
rice fields that leave standing rice straw over the non-growing season because it increases
the amount of available waste rice in comparison to fields that practice rice stubble
incorporation (Kross et al., 2008). As the LEISA farm practices no-till, this will likely
increase their bird activity.
Methods for quantification of waterbirds in rice fields with game cameras are in
the preliminary stages of development and this study provided the current best estimates
of fecal estimates into rice fields. Understanding potential bias and methods to reduce
observer error would likely improve accuracy. For example, future studies using camera
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traps could increase the number of cameras per field to achieve accurate estimates of bird
activity. Even so, the level of variation between field treatments is supported by visual
observations and microbial nutrient input and should be treated as a significant finding.
Microbes
Most microbial links to bird fecal matter are focused on the possible detrimental
impact of pathogen contaminates in aquatic ecosystems (Guber et al., 2006; Hussong et
al., 1979; Kirschner et al., 2004). However, results from this study correlate fecal matter
inputs to a positive increase in microbial activity and diversity in rice soils (Table 2.4).
Estimates of LF’s mean fecal matter inputs ranged approximately 1.5-2.3 kg of dry fecal
matter/day/ha compared to CF fields ranging from 0-1.1 kg of dry fecal matter/day/ha
(Table 2.2). This stark difference aligns with the response seen in anaerobic HPC means
of field types and NMDS ordination of soil health indicators (Figure 2.1, 2.2), depicting
fecal matter to be a potential major driving factor of LF’s difference from the other field
treatments. Measures of microbial activity through the dehydrogenase assay also confer
with these findings, showing the LEISA fields’ mean response twice as active as
conventional fields (Figures 2.2).
Conversely, aerobic HPC, gram-negative bacteria and heterotrophic fungal counts
showed no significant differences between field treatments (Table 2.4). Anaerobic
conditions imposed by winter flooding could explain why the same trend in microbial
response was not documented in gram-negative and aerobic heterotroph populations, both
of which are grown under aerobic conditions. Additionally, the culturing methods may
not have been sensitive enough to the particular populations of aerobic HPC and gramnegative bacteria. Most likely, the right parameter was not measured. Three possible
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explanations for the inhibition of fungal communities may account for lack of differences
between fields. First, anaerobic conditions inhibit fungal growth in flooded fields
(Sylvia et al., 2005). Second, fungal communities are likely disturbed in conventional
management fields because of the utilization of post-harvest tillage of rice stubble. Third,
long-term management application of herbicides and pesticides is known to decrease soil
biota, with most pronounced effects seen in fungal species declines (Atlas et al. 1978;
Omar and Abdel-Sater 2001; Trappe, Molina, and Castellano 1984). It is likely that
fungal communities are inhibited throughout the growing season and do not recover
during the non-growing season.
Gram-positive bacterial counts also showed a significantly higher response in the
LF field treatment, however LN, CF and CN were not statistically different. The high
response of gram-positive bacteria in LF, the treatment with the most birds, could be
explained by the population make-up of fecal matter. Birds carry large numbers of
Staphylococcus, a gram-positive bacterial genus. Chicken fecal matter is known to be

dominated by Staphylococcus at around 1x109/g (Chen et al., 2014). Also, results of Na
response in treatment groups indicates high salt content in CF (mean=302.29 kg/ha), and
gets progressively lower with each treatment (CN=272.66, LF=219.32, LN=172.8 kg/ha).
Salinity reduces microbial biomass mainly due to osmotic stresses causing drying and
lysis of cells (Rietz and Haynes, 2003). While all treatment groups had Sodium
Adsorption Rations (SAR) well within the bounds of a normal saline soil, it is possible
for microbial biomass to be limited by CF and CN’s Na content, thus explaining the low
gram-positive bacteria population numbers observed. Interestingly, while LF and LN’s
Na levels were not statistically different from one another, the measured difference in
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mean response should not be overlooked. One hypothesis for this observed difference
considers that gram-positive bacteria are grown on Manitol-Salt-Agar, a high salt media.
The greatest response of gram-positive bacteria in the LF group, in conjunction with
higher levels of Na in LF fields, although lower than CN and CF, point to a possible salt
tolerance adaptation in LEISA flooded fields. However, the observed difference could
also be the result of sampling error and explanations should be accepted with caution.
Soil quality changes as a result of management and migratory birds
Nitrogen (N)
Bird fecal matter supplies N from uric acid excreted in the ammonium form,
which in chicken litter can be as high as 21% N (Hadas and Rosenberg, 1992). Although
Manny et al. (1975) estimates a 4.38% N per bird dropping, Post et al. (2008) reports an
individual goose can contribute 3.15g N to an area over a 24h period (Post et al., 2008).
Disagreement over the total nitrogen contained in bird fecal matter can cause
miscalculations in the known amount of N input to fields. Nevertheless, using the Post et
al. (2008) estimate as a low threshold and the Hadas and Rosenberg (1992) estimate as
the upper threshold to calculate the potential N available, LF could be collecting
anywhere between 5.0-48.9 kg N/ ha per season. The Mississippi State University
Extension’s Rice Growers Guide recommends to farmers a total application rate of 133201 kg/ha of nitrogen fertilizer. Theoretically, the upper end of the LF fecal input
estimate could replace almost 1/3 of the total recommended nitrogen fertilizer
application, providing economic incentive to the farmer to winter flood.
The significantly higher %TN content found in LF fields when compared to the
other treatment fields correlates with the estimated fecal inputs per field, suggesting that
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bird activity on those fields is impacting N loads. Linear models of N before and after
winter flooding show an increase across fields, likely due to the decomposition of rice
straw. Nevertheless, the significant increase in N in the LF fields as compared to LN,
both of which practice the same post-harvest no-till, further points to bird activity
effecting N levels. The non-significance of %TN in CF compared to CN suggests that
one year of flooding and bird activity is not enough time to build up N reservoirs in the
soil to have an impact in soil fertility. Further studies should observe the change in soil
characteristics in fields flooded with migratory birds present over multiple seasons.
Nitrogen availability in soil will depend on environmental conditions. For
example, Murakami et al. (2011) found moist environments correlated high water content
to uric acid ammonia volitization in their study on chicken litter decomposition.
Logically, it follows that flooded fields would lose most of the fecal matter N input to
volitization because of the amount of water present. However, the microbes involved in
mediating this process are heavily influenced by temperature (Sylvia et al., 2005). The
low temperatures of -0.5˚-12˚C in the Mississippi Delta during the winter months likely
slow this microbial mediated process from taking place in the LF fields.
Nitrogen will also be influenced by the decomposition process. Because rice
stubble has a high C:N ratio, soil N could become immobilized while microbial
populations break down the substrate. The fecal matter inputs from birds in LF likely
provide an additional N source that will help transition rice stubble into organic matter
without rendering N completely unavailable for plant uptake. Conversely, the
conventional system may speed up the decomposition of rice stubble by practicing postharvest tillage, but the microbial energy required to do so could temporarily immobilize
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the soil N. As a rule, N is a dynamic nutrient and its’ addition to soil could result in losses
to crops as well as benefits, depending on timing, temperature and management practices.

Phosphorus (P)
LEISA flooded fields indicate a higher level of P than CF, but only significant at
the 0.10 level. Soils of the MAV typically have moderate to high phosphorus rates
therefore little phosphorus fertilizer application is recommended for rice crops (Oldham,
2018b). Additionally, the flooded conditions that rice is grown under increases the
availability of phosphorus because under reducing conditions, iron (Fe) oxides are
solubilized and the associated P is released into the soil solution (Quintero et al., 2007).
High %OM in LF fields is congruent with this finding, as organic matter is the main
electron donor in reduction (Scalenghe et al., 2002). Additionally, bird fecal matter
contains 1.0-1.34% P per dropping, further confirming that LF, with the highest number
of birds occupying it’s fields, would also show the greatest concentration of P (Janet
Kear, 1963; Manny et al., 1975). While the conventional sites also had high OM, the
historic management practice did not keep fields under regular flooding conditions,
leaving fields to dry out, which is known to reduce the amount of available P to plants
(Quintero et al., 2007; Young and Ross, 2001). One year of implementing a flooding
practice is thus an inadequate amount of time for the treatment to increase available P to
crops.
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Sulfur (S)
No significant difference was observed between treatment fields in S content;
however, LN showed less soil S than the other treatment groups. Likewise, NMDS
ordination indicated S as a strong factor in the separation of LN from the other fields
(Figure 2.1). The sulfur cycle is driven by soil microorganisms that mediate
transformations such as oxidation and reduction, mineralization and immobilization and
volatilization reactions (Sylvia et al., 2005). Because S enters soil via organic matter
decomposition, the lower %OM in LN gives reason to the lower observed S rate.
However, LN fields had higher microbial activity levels, which suggests that S could be
rampantly available in the environment (Stubner et al., 1998). The small sample size of
LN likely contributes to this ambiguous result and further study is needed to explicate the
relationship.
The LF, CF, and CN fields were statistically equivalent in SOM, ranging between
1.5-2.0% SOM, an average that is typical of alligator clay soil (Bruce et al., 1958). The
LN fields had suggestive lower soil organic matter (SOM) than CF, however. Rice straw
management likely accounts for observed results. Post-harvest rice stubble management
takes place before temperatures drop, consequently, rice stubble incorporated in
conventional fields by rolling would have time to decompose and add to SOM. In LF, the
combined effects of bird activity and flooding could account for SOM levels. LEISA
non-flooded fields, however, do not receive stubble incorporation or flooding with bird
activity, explaining the lower levels of SOM observed. Considering the cold temperatures
likely inhibiting or slowing microbial activity during the winter, decomposition of rice
stubble could not be taking place in LN. Nevertheless, a larger sample size of LN fields
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and another year under the experimental conditions is needed to clarify observed results.
Although the statistical equivalency of LF to the conventional fields supports the null
hypothesis, it is important to note that while LF was not statistically different from CN or
CF in terms of the amount of SOM measured in the soil, the effort required to obtain
those levels did differ. Conventional fields require an active form of post-harvest
management, where equipment and manpower are needed to produce observed results.
LEISA flooded fields use a passive form of post-harvest management, where the land is
offered to the seasonal weather changes, likely resulting in a decreased economic cost to
the farmer and an increased ecological value.
Soil C comprises a critical component of SOM and has linkages to the 30%
increase in the measured atmospheric carbon dioxide observed in the last 150 years as
well as the significant surge in the detection of methane, both critical greenhouse gases
that impact global climate change (Sylvia et al., 2005). Rice production accounts for 11%
of the total methane emissions and is expected to rise in the next 30 years (Fitzgerald et
al., 2000). In the current study, carbon dioxide and methane fluctuations were not directly
measured, however, both pre- and post- winter flooding results show LF fields with
significantly higher %C than CN, significantly different at the p=0.10 level from CF, but
not statistically higher than LN.
Rice straw is 40% carbon by dry weight and has a high C:N ratio (Greenland,
1984). The LEISA system practices no-till management, which is known to increase soil
organic C and mimic the process of soil carbon sequestration in natural systems, as
shown by the high %C mean value of 2.11% in LF fields (Sylvia et al., 2005). The LN
fields, however, do not show a significant difference soil organic C compared to
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conventional fields. Two explanations could account this: (1) rice straw and organic
matter are quickly decomposed and carbon is released in the form of carbon dioxide,
which aligns with the higher microbial activity reported on LN fields and low %OM
rates, or (2) the no-till rice stubble is not part of the SOM and fails to decompose because
of the cold winter temperatures in the delta. The former is likely the plausible the
explanation for the carbon rates observed in conventional fields, as post-harvest rolling is
practiced during the non-growing season. This will promote contact of the rice straw with
soil microbial communities and quick decomposition while temperatures are warm.
Again, LEISA non-flooded fields had a smaller sample size than the other three groups
that confounded the observed trends.
Bird activity could also contribute to observed results of %C in experiment fields.
As stated previously, water birds in rice fields break up standing rice straw and
incorporate it into the soil as they forage for food (Manley, 1999). Higher densities of
birds will increase the contact rice stubble has with soil and consequently increase %C.
Moreover, goose fecal matter is 75-85% dry C, increasing the amount of C input to fields
as bird levels rise (Manny et al., 1975). Using mean LF fields as an example, birds could
contribute somewhere between 144.47-1639.93g/ha of carbon per LF field per day. Thus,
the largest bird response reported in LF fields can partially account for the significant
increase in %C in the LF fields.
While the soil C results indicated a positive effect that LF system is having on
carbon sequestered in soil, and consequently overall soil health, the management style is
predicted to have the highest methane emissions than the other treatment fields, which
would be a substantial environmental drawback of the LEISA system. The Fitzgerald et
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al. (2000) study on fallow season rice straw and water management effects showed that
flooded fields with rolled rice stubble had the greatest methane flux compared to nonflooded fields and flooded fields with incorporated rice stubble. However, fields that are
tilled and left fallow during the winter, like a conventional rice field in the MAV, have
been shown to have significantly higher rates of carbon dioxide flux because of the quick
decomposition rate of plant material in contact with the soil microbial community (Datta
et al., 2013). Interestingly, Fitzgerald et al. (2000) reports that the incorporation of rice
straw with flooding had lower methane flux than those of rolled fields, suggesting that
the CF fields would be the most conservative in terms of both methane and carbon
dioxide flux. However, the contact that incorporated rice has with the soil microbial
community likely expedites the loss of soil organic carbon later in the season, as we saw
evidence of in the %C of CF fields (Datta et al., 2013; Fitzgerald et al., 2000; Linquist et
al., 2006b; Sylvia et al., 2005).
Rice production creates a carbon conundrum that consists of a series of tradeoffs
between soil health and greenhouse gas emissions that neither the LEISA nor
conventional system resolve. It is possible that intermittent drainage of rice fields could
help mitigate the effects of emissions; however, this will likely have a large impact on the
habitat and soil contributions of water bird communities in flooded fields (Haque et al.,
2017). Further research on the interaction of this complex system is needed to make
future environmentally conscience management decisions.
Cation Exchange Capacity, Cations and pH
Cation exchange capacity (CEC) is an important aspect of soil health because it
can alter soil physical properties, notably its relationship with pH and fertility (Sylvia et
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al., 2005). The LEISA non-flooded treatment showed significantly lower CEC than CF
and CN, but was not significantly different from LF. Studies have shown that no-tillage
farming systems, as practiced on the LEISA site, can lower a soil’s CEC because of the
reduced contact decomposing plant matter has with the soil surface. This is further
demonstrated by the significantly lower levels of Mg, Na, Ca, and K in LN than in CF
and CN, all of which are immobile cations without a mixing mechanism (Logan et al.,
1991; Thomas et al., 2007; Unger, 1994). The flooded LEISA fields, although no-till,
does not show a significantly higher CEC than that of the conventional fields. This could
be due to its higher organic matter content, as OM contributes 20-80% of CEC’s
measurable effect. Additionally, waterlogged soils have increased levels of Ca, MG, K
and Na because of the increased solubility of organic carbon (Phillips and Greenway,
1998). Furthermore, bird activity on LF that results in partial rice stubble incorporation
will create contact with the soil surface, mobilizing cations that would otherwise be
inaccessible (Logan et al., 1991; Manley, 1999; Thomas et al., 2007; Unger, 1994).
No-till systems tend to make soils more acidic, which is reflected in the pH values
below 7.0 of the LEISA fields. Cation exchange capacity is highly dependent on the pH
of a soil (Sylvia et al., 2005). The conversion of ammonium into nitrate will also lower a
soil’s pH because of the hydrogen ions that are produced in the reaction (Oldham,
2018a). This could be the current circumstances in LF, which exhibits high levels of
%TN and a lower pH than the other three treatments. Despite the amount of organic
matter present, if the pH of a soil reaches below 6.0, microbial activity declines
significantly as well as CEC, which will lower the soil’s ability to hold onto nutrients.
The LF fields appear to be the most vulnerable to this happening because of the form that
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nitrogen takes in bird feces. From a managerial perspective, liming soils may counter act
this by increasing a soil’s pH and consequently its CEC and ability to hold nutrients
within the system.

Conclusions
The significantly higher levels of bird activity, N, C, P, microbial diversity and
activity documented in the LEISA flooded fields provide scientific evidence towards
agroecology and low-external management principles. While CF was only under flooded
conditions for one non-growing season, the immediate increase of bird activity on those
fields as opposed to CN fields point towards a promising lift in soil quality, especially if
flooding over sequential seasons compounds first year results. The ease of transferability
of the LEISA management to a conventional farm supports the theory that the practice
can be adopted to other crops at all farming scales. In conclusion, measurements of soil
health in LF showed evidence of mitigating soil and water degradation while considering
the agroecosystem as a whole, rather than isolating issues to field level. While rice will
still remain a crop of sustainability concern because it’s contributions to greenhouse
gasses, this study exemplifies how conservation and agriculture can work together with
contemporary farmers toward land stewardship.
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Tables and Figures
Table 2.1

United States Department of Agriculture soil profiles of study farm sites
located in Leflore and Tallahatchie counties

Site

County

Conventional

Leflore

#
Fields
20

LEISA

Tallahatchie

14

Soil Type

Slope

Hectares

Alligator Clay
Alligator clay
Alligator clay
Alligator clay depressional
Tensas-Alligator complex
Alligator clay
Alligator clay depressional
Alligator silty clay loam
Forestdale silty clay loam

0 to 1 %
0 to 1%
1 to 3%
0 to 3%
0 to 3%
0 to 2 %

378.38141
242.002228
3.642174
6.0298214
0.6879662
497.5209684
62.2811754
51.192779
51.2332476

0 to 2%
0 to 3%

Source: Soil Survey Staff, Natural Resources Conservation Service, United States
Department of Agriculture. Web Soil Survey. Available online at
http://websoilsurvey.nrcs.usda.gov/, Accessed (8/01/2018).
Table 2.2

Average Fecal Matter Input per Treatment Field per day over the fallow
season
Average Fecal Inputs per Field Type per Day (g/ha)
avg g fecal
95% Lower CI
95% Upper CI
CN
258.51
-156.83
673.84
CF
659.07
243.73
1074.41
LN
677.67
20.96
1334.39
LF
1924.62
1509.27
2339.95

Descriptive statistics of dry fecal matter contributed to field treatment per day over the
fallow season. Significantly higher (p=0.0012) inputs in LEISA Flooded (LF) fields than
other treatment fields were observed.
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Table 2.3

Field

Averaged duck and geese counted per ha/field/day over the non-growing
season

Treatment

# Cameras

Field
Size (ha)

1

LF

2

30.96

Active
Cam
Days
121

Geese
Mean
(per ha)
28.45

Geese
SD

Geese
SE

Duck
SD

Duck
SE

10.59

Duck
Mean (per
ha)
5.67

116.44

20.58

1.87

2

LF

2

32.43

121

35.26

133.53

12.14

10.55

34.37

3.12

3

LF

2

27.37

121

14.25

72.96

6.63

10.22

40.17

3.65

4

LF

2

27.15

121

14.86

79.01

7.18

8.19

32.03

2.91

5

LF

2

26.16

121

14.69

68.97

6.27

12.56

60.90

5.54

6

LF

2

32.85

121

4.43

18.15

1.65

2.05

5.46

0.50

7

LF

1

20.23

121

4.42

20.19

1.84

3.13

15.94

1.45

8

LF

1

28.49

121

7.08

37.46

3.41

2.59

10.06

0.91

9

LF

1

17.30

121

2.20

10.80

0.98

1.19

6.53

0.59

10

LF

2

30.55

121

31.95

165.04

15.00

4.85

19.58

1.78

11

LN

2

42.47

121

8.20

48.10

4.37

0.00

0.00

0.00

12

LN

2

33.72

121

8.04

40.67

3.70

0.00

0.00

0.00

13

LN

2

20.07

120

5.60

30.78

2.81

8.15

30.84

2.82

14

LN

3

70.90

121

6.83

34.33

3.12

2.43

8.87

0.81

15

CN

1

11.86

117

0.78

5.06

0.47

3.32

10.05

0.93

16

CN

1

15.08

117

4.54

29.60

2.74

6.54

21.80

2.02

17

CF

1

15.90

117

7.19

39.66

3.67

2.16

7.20

0.67

18

CF

1

14.97

117

0.59

4.83

0.45

18.33

41.71

3.86

19

CN

1

16.14

84

4.35

24.30

2.65

21.21

35.72

3.90

20

CF

1

15.92

117

0.47

5.08

0.47

5.20

14.51

1.34

21

CF

1

21.47

117

16.16

70.90

6.56

5.36

20.79

1.92

22

CF

1

12.03

66

0.70

3.46

0.43

0.21

1.15

0.14

23

CF

1

18.45

71

17.85

55.02

6.53

5.76

16.19

1.92

24

CF

1

11.81

117

2.50

14.14

1.31

2.63

19.87

1.84

25

CF

1

17.84

117

3.07

18.28

1.69

9.99

42.79

3.96

26

CF

1

11.53

117

5.42

37.98

3.51

13.90

44.21

4.09

27

CF

1

21.39

117

5.43

29.28

2.71

13.77

41.88

3.87

28

CN

1

21.06

117

1.09

7.30

0.67

0.56

6.04

0.56

29

CN

1

22.21

117

2.03

13.46

1.24

0.00

0.00

0.00

30

CN

1

10.12

32

1.72

9.72

1.72

0.00

0.00

0.00

31

CN

1

19.03

117

0.88

8.81

0.81

0.00

0.00

0.00

32

CN

1

22.46

60

1.45

6.87

0.89

0.00

0.00

0.00

33

CN

1

22.04

117

4.39

28.50

2.64

0.00

0.00

0.00

34

CN

1

10.12

32

0.00

0.00

0.00

0.00

0.00

0.00

Final numbers are an average of all cameras in the field over the active camera days.
Descriptive statistics listed for each category.
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36
0.28
6.19
0.44
2.28

ANCOVA
Rank-Based
ANCOVA
Rank-Based

-0.12
0.52
-0.09
0.29

0.54
0.60
0.50
0.25
0.13
0.38
0.58
0.34
0.14
0.27
0.16
0.26
0.50
0.25
0.49

Adjusted/Robust

R²

0.91
0.001
0.81
0.07*

0.001
0.001
0.0001
0.02
0.10
0.00
0.05
0.004
0.45
0.09 *
0.07*
0.01
0.0001
0.13
0.0001

p-value

Model

0.58
0.52
0.53
0.003

0.13
0.09*
0.13
0.74
0.33
0.25
0.001
0.57
0.04
0.27
0.07*
0.08*
0.51
0.12

Covariate pvalue

Fall
Measurement

0.49
0.42
0.59
0.14

0.54
0.78
0.20
0.97
0.19
0.35
0.05
0.71
0.62
0.42
0.75
0.97
0.27
0.36

Fecal
Matter
Input
Predictor
p-value

>0.05
<0.05
>0.05
<0.05

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
>0.05
<0.05
>0.05
<0.05
<0.05
>0.05
<0.05

Predictor
p-value

Treatment
Group

Type of test performed on variable (parametric ANCOVA or nonparametric rank-based) and associated statistics: F-value (parametric) or Drop in Dispersion F (nonparametric) and Adjusted R² (parametric) or Robust R² (nonparametric listed. Model parameter significance also included (Fall measurement covariate, fecal matter input
and treatment predictors). Bold type indicates significance at p<0.05. Asterisk represents significance at p<0.10 level

11.99
10.94
7.696
43.113
2.027
5.06
7.55
4.37
0.94
2.07
2.29
3.34
7.811
1.87
7.379

F-statistic/Drop in
Dispersion Test

ANCOVA/RankBased
Rank-Based
ANCOVA
ANCOVA
ANCOVA
ANCOVA
ANCOVA
Rank-Based
ANCOVA
Rank-Based
Rank-Based
ANCOVA
ANCOVA
ANCOVA
Rank-Based
ANCOVA

Test Statistic

Test Type

Results of individual based model statistics for soil health indicators

Response
Variable
Fecal Matter
Solid Content
pH
%OM
CEC
%C
%TN
P
K
Mg
S
Na
Ca
Aerobic Diversity
Anaerobic
Diversity
Gram Gram +
Fungi
Activity

Table 2.4

Table 2.5

Pairwise comparisons of treatment fields of soil health indicators

Treatment Comparison
Soil Parameter
CN--CF
LF--CF LN--CF LF--CN LN--CN LN--LF
Moisture
ns
>
<
>
<
<
Fecal Input
ns
>
ns
>
ns
<
Aerobic
Diversity
ns
ns
ns
ns
ns
ns
Anaerobic
Diversity
<
>
ns
>
>
ns
Gram ns
ns
ns
ns
ns
ns
Gram +
ns
>
ns
>
ns
<
Activity
ns
>
>
>
>
ns
Fungi
ns
ns
ns
ns
ns
ns
N
ns
>
ns
>
ns
ns
P
ns
>
ns
ns
ns
ns
S
ns
ns
ns
ns
ns
ns
OM
ns
ns
<*
ns
ns
ns
C
ns
>*
ns
>
ns
ns
CEC
ns
ns
<
ns
<
ns
K
ns
ns
ns
ns
ns
ns
Mg
ns
ns
<
ns
<
ns
Ca
ns
ns
<
ns
<
ns
Na
ns
ns
<
ns
<*
ns
pH
ns
ns
ns
<
ns
ns
Tukey contrasts multiple comparisons of means for general linear hypothesis. Asterisk
show significant difference at p<0.10 level, >/< show significant difference between
comparison at p<0.5 level, ns=no significance in treatment comparison.
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Figure 2.1

NMDS Ordination of Soil Health Indicators

Nonmetric multidimensional scaling (NMDS) 95% confidence ellipse by field
treatment samples. Vectors represent correlation of NMDS axes with soil health
indicators (p<0.1). Abbreviations: dehy=dehydrogenase assay/microbial activity,
p=Phosphorus, c= %Carbon, n=%Total Nitrogen, gramNeg=Gram – bacteria diversity,
fungi=Fungal diversity, diversity=anaerobic heterotrophic bacteria diversity, gramPos=
Gram+ bacteria diversity, zn=Zinc, ph=pH, fecal.matter= Bird Fecal Matter inputs,
k=Potassium, ca=Calcium, mg=Magnesium, na=Sodium, cec=Cation Exchange
Capacity, om= % Soil Organic Matter, and s=Sulfur.

38

Figure 2.2

Mean responses of Spring 2018 soil samples solid content, fecal matter
input, microbial activity, aerobic bacteria, anaerobic bacteria, gram-positive
bacteria, gram-negative bacteria and fungi among four treatment groups

Brackets with asterisk represent treatment field couples significantly different from each
other under respective ANCOVA model (p<0.05). Information about individual models
can be found in Table 2.4.
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Figure 2.3

Mean responses of Spring 2018 soil nitrogen, phosphorus and sulfur among
four treatment groups
Brackets with asterisk represent treatment field couples significantly
different from each other under respective ANCOVA model (p<0.05).
Information about individual models can be found in Table 2.4.

Figure 2.4

Mean responses of Spring 2018 soil organic matter and carbon among four
treatment groups

Brackets with asterisk represent treatment field couples significantly different from each
other under respective ANCOVA model (p<0.05). Information about individual models
can be found in Table 2.4.
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Figure 2.5

Mean responses of Spring 2018 soil CEC, K, Mg, Na, Ca and pH among
four treatment groups

Brackets with asterisk represent treatment field couples significantly different from each
other under respective ANCOVA model (p<0.05). Information about individual models
can be found in Table 2.4.
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CHAPTER III
EFFECTS OF LOW-EXTERNAL-INPUT AND CONVENTIONAL RICE
CULTIVATION ON INDICATOR AND PATHOGENIC
BACTERIA PRESENCE
Introduction
Rice production accounts for nearly half of the world’s nutritional intake and is an
important crop for global food security (Elphick and Oring, 2003). Issues surrounding the
environmental impact of rice production emphasize water pollution, methane emissions,
and pesticide production, among others (Conway, 1998; Gordon et al., 2010a; Yao et al.,
1996). Consequently, there is growing research interest regarding agricultural practices
that benefit wildlife and the development of multi-functional farming practices. While
rice production is not at the forefront of this movement, environmental organizations are
beginning to recognize that winter-flooded fields provide important habitat for migratory
waterbirds (Elphick and Oring, 2003). California, in particular, has demonstrated this
conservation practice with waste rice from flooded fields accountsfor 44% of the total
calories available to wintering waterfowl in the Pacific Migratory Bird Flyway (Williams
et al., 2014).
Rice grown in the Mississippi Alluvial Valley (MAV) overlaps with one of the
most important winter habitats for North American waterfowl, located directly in the
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Mississippi Flyway. Recognized under the North American Waterfowl Management Plan
(NAWMP) as the Lower Mississippi Valley Joint Venture, winter-flooding of
agricultural fields to create habitat in the MAV for waterfowl is becoming a common
practice (Williams et al., 2014). Over 800,000 ha of rice was planted in the MAV states
of Arkansas, Louisiana, Mississippi, and Missouri in 2015, with much of it used by
wildlife (NASS, USDA 2015; Kross et al. 2008). While estimates of bird populations
occupying rice fields during fallow season in Mississippi are currently unknown,
California rice lands have reported densities of 3,600 birds/km² as common place
(Williams et al., 2014). Similar abundances are expected in the MAV.
Aquatic environments that harbor abundant geese and other species in the
subfamily Anserinae will collect significant loads of nitrogen and phosphorus in the form
of fecal matter (Bruinderink, 1989; Dessborn et al., 2016a; Kitchell et al., 1999; Winton
and Richardson, 2017). Bacterial production and diversity have also been shown to
increase in nutrient poor wetlands when geese are present (Dessborn et al. 2016).
However, free living waterbirds are considered vectors of certain pathogenic
microorganisms that can have detrimental effects on humans and other wildlife
(Chrząstek et al., 2012; Fallacara et al., 2001; Hubálek and Hubá, 2004; Hussong et al.,
1979; Waldenström et al., 2002a). For example, free living waterfowl have high
incidence of E. coli in their gut that is excreted into water and Salmonella carriage have
been described in wild birds across the globe (Chrząstek et al., 2012; Fallacara et al.,
2001; Keawcharoen et al., 2008). In Sweden, 11.0% of ground-foraging invertebrate
feeders, 20.3% of ground foraging insectivores and 18.8% of plant eating species were
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positive for Campylobater infection (Waldenström et al., 2002a). Furthermore, the
tendency of a diverse array of waterbird species to congregate at a common migratory
stop encourages horizontal transmission of disease agents and increasing the likelihood of
pathogen transport to other sites (Hubálek and Hubá, 2004).
The large abundance of waterbirds overwintering in MAV rice fields create a
likely situation for pathogen transport across species and into soil and waterways. In
particular, Salmonella, E. coli, Clostridium ssp., Enterococcus ssp., and Campylobacter
spp., are known bacterial pathogens or fecal indicators that waterfowl carry and can
survive in stagnant water and soil (Hubálek and Hubá, 2004). The Environmental
Protection Agency (EPA) utilizes several indicator bacterial organisms present in
freshwater to monitor fecal contamination levels. For instance, the presence of E. coli at
126 CFU/ml or Enterococcus at 35 CFU/ml is considered a significant level of fecal
contamination in recreational waters and a danger to humans (EPA, 2012).
If significant levels of pathogens are observed from abundant use of rice fields by
waterfowl, this may prove to be an adverse effect of flooding rice fields during winter in
the MAV. Therefore, the objective of this study was to detect and characterize the
presence of bird species and waterborne pathogens or fecal indicators in the soil to
potentially link migratory bird pathogen transport in LEISA and conventional farming
systems. It was hypothesized that flooded rice fields harboring overwintering waterbirds
during fallow season would have a higher incidence of waterborne pathogens or
indicators than flooded or unflooded fields without birds in LEISA and conventional
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farming systems. Alternatively, the null hypothesis was that there would be no difference
in pathogen or indicator loads between fields with or without waterbirds.
Materials and Methods
Study area
Two study areas under two different types of management were chosen to
participate in the study: a conventional rice production system and LEISA management.
The LEISA system regularly floods its fields during the non-growing season by capturing
precipitation and practices no-till. The conventional site rolls its rice stubble and leaves
land bare. Over the study duration, Fall 2017-Spring 2018, 10 LEISA fields were selected
to be flooded (LF), and 4 fields were selected to be left without water (LN). Likewise, 10
conventional fields were flooded (CF) and 10 conventional fields were left unflooded
(CN). Further details of the study site can be found in Chapter II.
Soil Sampling
Soil samples were taken post-harvest in November 2017 and again in March 2018
before planting. One sample was taken for every 4.05 ha with a soil core (3.8-4 cm
diameter x 10 cm depth). Soil samples were sterilized with 90% ethanol prior to sampling
at each location. Cores were stored on ice (~ 4o C) and transported back to the
Mississippi State University Water Quality Laboratory and consolidated into composite
samples for analysis. Details of soil sampling can be found in Chapter II.
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Bird Surveys
No-glow infrared camera traps (Stealth Cam G42NG) were placed in fields to
capture bird activity. One camera was placed in the field per every 20 ha, first at the
southern-most end and then at the northern-most end. One field was over 40 ha and
received 3 cameras, placed in the northeast and northwest corners and at the southernmost end. Position of the camera was standardized for each location. Cameras were
programmed to capture an image once every hour beginning November 2, 2016 through
March 15, 2018. Details of bird surveys can be found in Chapter II.
Pathogens
Composite soil samples were tested for the following pathogenic or fecal
indicator bacteria using modified methods from Brooks et al. (2009, 2010): Enterococci,
Clostridium perfringens, Salmonella, Campylobacter and Escherichia coli. Prior to assay,
a 10 g aliquot was mixed in 95 ml sterile saline and homogenized via stomacher, whereby
10 fold serial dilutions were utilized for assays. Enterococci was membrane filtered
through a 0.45 μm filter (Millipore; Billerica, MA) and subsequently transferred to mEnterococcus agar (Neogen; 48 h at 35 °C). Filters suspected of
containing Enterococcus were subsequently transferred to bile-esculin agar (Neogen; 1 h
at 35 °C). Typical esculin hydrolyzing, black-haloed colonies were suspected as
Enterococci.
Clostridium perfringens was also membrane filtered and transferred to CP
Chromoselect agar (Sigma-Aldrich, MO) and incubated anaerobically at 44.5 °C for 16 h.
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Prior to filtration, each sample aliquot was heat-shocked at 70 °C for 10 min. Following
anaerobic incubation, plates with suspected colonies were exposed to aerobic conditions
for 1 h at 44.5 C. Colonies that turned “mucus-green” or blue/green were presumed C.
perfringens. Five percent of colonies were transferred to 5% sheep-blood tryptic soy agar
(HealthLink; Boca Raton, FL). Colonies exhibiting a double-zone of hemolysis were
presumed C. perfringens. E. coli were membrane filtered and transferred to mTEC agar.
Plates were held at 35 °C for 2 h then transferred to 44.5 °C for 24 h. Filters were
suspected of containing E. coli if they contained bright yellow colonies. Colonies were
transferred to MacConkey agar and incubated at 35 °C for 24 h.
Salmonella and Campylobacter were assayed via presence/absence enrichment
because of expected low levels in the soil. Salmonella assays consisted of incubating
aliquots in tryptic soy broth (Neogen; 24 h at 35 °C), followed by transfer to Rappaport
Vasilidales R10 semisolid broth (42 °C for 24 h), and then transferred to Hektoen Enteric
agar (Neogen; 42 °C for 16 h). Black-centered, blue-green colonies were considered
Salmonella positive. Campylobacter enrichment consists of Campylobacter enrichment
broth incubated microaerophillically (35 °C for 4 h) then transferred to 42 °C for 44 h.
Aliquots were transferred to Preston Agar (Neogen-Accumedia) containing 5% horse
blood at 42 °C for 48 h (Hema-Resources; Aurora, OR) and checked for growth (Brooks
et al., 2010).
Statistical Analysis
Prior to analysis, pathogen data was log transformed then checked for general
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multivariate frequentist test assumptions including, but not limited to, Barlett’s test for
homogeneity of variance, examination of q-q plots and Shapiro’s test for multivariate
normality, double zeros in pathogen detection and Cook’s D outlier exploration.
Enterococci, Clostridium perfringens, and Escherichia coli data were found to violate the
assumptions of normality and could not be corrected. Salmonella and Campylobacter
were not detected in soil samples and thus were not included in statistical analysis.
The null hypothesis of no differences among treatments by pathogen load
(Clostridium perfringens and Escherichia coli.) was tested with analysis of variance
using distance matrices (ADONIS) in program R’s vegan package as the multivariate
response variable (Anderson, 2001). Fecal matter and treatment were used as predictor
variables with 999 permutations and Euclidean distances (Oksanen, 2012). Only one
Enterococci positive was detected out of the 34 fields, and therefore not included in the
multivariate model.
The alternative hypothesis of no difference or lesser incidence of individual
pathogen detection in fields was also tested. The non-parametric rank-based ANCOVA in
program R’s “Rfit” and “npsm” was applied to Enterococci, Clostridium perfringens, and
Escherichia coli, respectively, with the fall measurement as a covariate and fecal matter
and treatment fields as predictors. Data were simultaneously run with parametric
statistics. If both tests returned the same results, the more robust parametric results were
used for interpretation and reported in results. Tukey’s post-hoc test was performed on
individual final models for multiple comparisons of means.
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Results
ADONIS showed no difference in treatment groups. Model results are reported in
Table 3.1. Likewise, individual responses E. coli (F=0.602, R²=-0.06, p=0.69) and
Enterococci (F=0.803, R²=-0.09, p=0.55) confirmed the null hypothesis of no difference
between treatment groups. The test for C. perfringens, however, rejected the null
hypothesis (F=3.14, R²=0.36, p<0.05). LEISA flooded fields were found to have a
significantly higher detection of C. perfringens than CN (Figure 3.1). Results of Tukey’s
multiple comparisons of means for each model can be found in table 3.2.
Bird survey results and total fecal matter input can be found in Chapter II.
Discussion
According to the U.S. Environmental Protection Agency’s (EPA) 2017 National
Water Quality Assessment (EPA 2017), bacterial pathogens (and indicators) are the
leading cause of impairment for rivers and streams, the number two cause of wetland
impairment, and the third-ranked cause of impairments in the nation’s bays and
estuaries.. The inherent link between soil and water in an agricultural framework calls for
the monitoring of environmental circumstances that potentially provoke the impairment
of water quality (EPA, 2013). To that end, the current study examined the risk of
migratory bird horizontal disease transmission in rice fields located in the MAV. The
occurrence of fecal contamination in a LEISA management system could deter the
adoption of practices that would otherwise encourage environmental health. It was
hypothesized that fields harboring large numbers of waterbirds would exhibit pathogenic
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bacteria at higher levels than fields without birds.
It has been well documented that the presence of free living water birds increases
the incidence of bacterial production, diversity, and pathogenic microorganisms in the
environment (Chrząstek et al., 2012; Fallacara et al., 2001; Hubálek and Hubá, 2004;
Hussong et al., 1979; Keawcharoen et al., 2008; Waldenström et al., 2002b). Indeed,
results from Chapter II confirm that LF fields, which showed significantly more geese
and duck habitation than the other study fields, increased in soil bacterial groups and
activity (Ch. II Results). Soil samples from the study fields, however, were below
detection limits (approximately 10/g or 100/10g) for Salmonella or Campylobacter, two
pathogens that are known to have detrimental effects on public health (Hubálek and
Hubá, 2004; Waldenström et al., 2002b). Incidence of E. coli and Enterococci were at
levels well below the EPA standard of fecal contamination, with the greatest prevalence
of E.coli occurring in conventional non-flooded (CN) rice fields (Mean= 2.8 CFU/g dry
soil) and only one detection of Enterococci occurring in conventional flooded (CF) fields
(mean= 1.7 CFU/g dry soil) (Table 3.2) (EPA, 2012). The low detection rate of the
aforementioned indicators is a positive sign that winter flooded fields for waterfowl may
not be a problem in the LEISA systems.
Clostridium perfringens, a spore forming, gram-positive bacterium, was detected
at significantly higher levels in LF fields than those of CN, and while not statistically
significant, observably higher levels than that of LN or CF fields. The difference in
detection of C. perfringens loads between LF and CN correlates strongly with bird fecal
matter inputs, with LF’s mean fecal matter weight being 7.4 times larger than that of CN
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(Table 2.2) and mean C. perfringens 6.3 times larger in LF than CN (Table 3.2). It could
be argued that C. perfringens needs anaerobic conditions for enrichment and thus would
not thrive in well-aerated soil; although it is a spore forming bacterium and thus would
survive for prolonged periods of time. However, the LN fields, also an aerobic
environment, yielded a mean of 1883.64 CFU/g dry soil, almost 3.8 times higher than CN
while additionally supporting 2.6 times more birds on its’ fields, indicating that flooding
conditions alone are not responsible for this significant difference in C. perfringens
presence (Table 2.2, 3.2).
Standards of safety for C. perfringens generally pertain to its’ direct contact with
food. In fact, there is a direct relationship between the occurrence of C. perfringens in
animal feed and the level of soil and fecal contamination (Kukier and Krzysztof, 2006).
However, the potential danger that the LEISA system imposes on food safety depends on
the purpose of the crop in question and the protocols for food distribution. Post-harvest,
rice is dried and milled to free it from impurities, thus the risk of C. perfringens food
contamination is very low (IRRI Rice Knowledge Bank, 2018) . Some bacterial indicators
are better suited for monitoring than others, and C. perfingens may not be ideal indicator
for this system because the environmental conditions promote its survival. However,
while it may fail as an indicator for public health, it does show that the fields with bird
activity are being influenced by fecal deposition.
In conclusion, migratory birds occupying flooded rice fields did not produce a
significant level of fecal contamination to pose a serious problem for the LEISA system
in the current study. However, water birds did influence the potential pathogen indicators.
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Thus, there is a possibility that contamination levels could reach concerning levels in the
future. Regular monitoring of this system should be implemented as a precaution.
Likewise, future studies should test for a wider variety of pathogens to ensure that birds
in rice fields do not pose a danger to public health
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Tables and Figures
Table 3.1

Permutational multivariate analysis of variance (perMANOVA) table for
pathogen load (C. perfringens and E. coli) based on Euclidian
dissimilarities using Adonis with 999 permutations.

Source

Df

Sums Sq

Mean Sq

F Model

R²

Pr(>F)

Fecal Matter
Treatment
Residuals
Total

1
3
29
33

2.004
2.544
35.453
40.001

2.004
0.8481
1.2225

1.6396
0.6937

0.0501
0.0636
0.8863

0.19
0.657
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61
2.87
1.667
645.65

Enterococci

C.
perfringens

𝑥̅

E.coli

Pathogen

242.66

0.087

0.767

1713.95

2.792

10.739

95% CI
Lower
Upper

CF

501.18

0

4.808

𝑥̅

186.21

N/A

1.082

1330.45

N/A

21.428

95% CI
Lower Upper

CN

3162.27

0

1.782

𝑥̅

Treatment

1188.50

N/A

0.891

8394.59

N/A

10.116

95% CI
Lower
Upper

LF

1883.64

0

2.488

𝑥̅

Tukey’s post hoc model effect means and 95% confidence intervals for individual pathogens

Results reported in CFU/g dry soil. Bold indicates a significant difference between group

Table 3.2

401.49

N/A

0.310

8810.48

N/A

19.998

95% CI
Lower
Upper

LN

Figure 3.1

Mean response of C. perfringens in treatment group soils among treatment
groups

Brackets with asterisk represent treatment field couple significantly different than each
other under ANCOVA model results (p<0.05).
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